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.....+s...An earlier assessment of the first complete conceptual

engineering design of the Reference Theta Pinch Reactor (RTPR)

Identified problem. . . areas in the design involving plasma sta-

.—.bility, neutral gas cooling, implosion circuitry, compression

-----energy supplies, materials for the blanket and first wall, and

tritium handling. New solutions to some of these problems are
. described, and a new RTPR operating point has been chosen which.... .-

greatly alleviates many of the problems.

.....
INTRODUCTION

Among the three principal mag-

netic confinement schemes for fu-

sion reactors the theta pinch is

.unique in being a short-pulsed,

batch-burn reactor. This leads to

advantages over mirrors and toka-

maks but also presents unique tech-

nology problems. These problems

were first identified in the RTPR

design,(l) the first complete theta

pinch fusion reactor design. The

plant layout is shown in Fig. 1.

Based cm that design, an assessment ~

of these major problems was

published.‘2)
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~IGURE 1, The Reference Theta P!.nchReactor - plant layout,
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.. That assessment identified prob-

lems In the areas of plasma stabil-

ity, neutral gas cooling, implosion

heating circuitry, pulsed compres-

sion energy supplies, materials and

radiation damage (composite first

wall and also blanket materials),

and tritium handling. The last of

these is a problem common to all

“fusion devices, so this paper will

discuss progress toward solutions

,to the remaining problems which are

unique to the theta pinch.

PLA$NASTABILITY

The operating point described in
the RTPR design envisions a plasma

first wall radius of 50 cm and a
A
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plasma radius which varies from

50 cm at the time of initial heat-
ing down to 11 cm at peak compres-

sion 30 k later. At these small

radii the plasma is unstable to
m = 1 long wavelength modes since

the stabilizing influence of in-
duced wall current is absent.

Either the plasma radius must be
kept larger (W15 cm) or the plasma
must be stabilized by feedback

techniques currently in use(3) on
Scyllac. Since the plasma compres-

sion needed to reach ignition
limits the choice of operating

points we have chosen to

feedback control in the most

. . . TABLE 1. Comparison of Old and New RTPR Operating F+oints
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OLD
DEFINITION (UNITS) “ VALUE

Implosion-heating electric field (kV/cm) 2.0

Implrsion-heating magnetic field (T) 1.4

D-T filling pressure (mTorr) 17

Mnximurncompression field (T) 11

Compression-field rise time (ins) 30

Compression-field flat-top time (ins) 70

Fusion neutron yield (MJ/m) 93.11

Total ETS energy (MJ/m) 286

Aspect ratio 112

First-wall radius (m) 0.s

ETS transfer efficiency 0.98

Engineering Q-value WET/W= 6.5

Recirculating power fraction ● 0.16

First-wall surface temperature rise (K) 310

Maximum temperature decrease across firstwall (K) 2s0
.

employ

recent

NEW
VAI,f)E

0.7.

0.88

7

7

30

400

86.73

97

100

0.s

0.9s

5.7

0.18

1s0

30



%
. . . . . . . . . . . .-7

.

(4) T~ble 1 a-. “. reactor design.
rbes key parameters in the old ●nd

new demigns.

The feedback system required for

the RTPR presents a t~chnical diai-

leoge, ●nd can ●lso ●dversely ●f-
teet the energy balance. However,

recent results(s) show that if

reasonable constraints are imposed
on the line density (pm%lcles/me- .

ter of torus) and the amplitude of

the 4=1 helical equilibrium

field, the feedback powor can be

kept below 1% of the net output

Powerg
The szcond stability constraint

Involves higher order (m : 2) modes
which are stabilized by finite Lar-

(6) These COtl-mor radius effects.

●traints were not Imposed on

original design, but indeed

observed in the new design.

. c-ritcrion is tnat the ratio of

Larmor radius to plasma radius
aced a constant which involves
chino desidn parameters. This

constraint imposes rather restric-
tive limits on the choice of oper-

●tSng points, but by appropriate

desire choices they can be satis-
fied.

NEUTRAL GAS COGLISG
A neutral gas layer i8 intro-

duced into the torus near the end

of the burn cycle for purposes of ~
●ddinp insulation between the plas-
ma ●nd the first wall material. By

ohoosing the appropriate gas den-

●lty (%10” cni’ ) the beat is re-
moved sufficiently slowly (Z1 s) as
to protect the wall. Enrly calcu-

lations by Oliphant(’) est!blishea

the heat transfer rates in steady

the

are
The

4on
ex-
ma-

/- .

.
state, and later transient cahula-
tions(a) addressed tho problems 01

setting up thla neutral gas

blanket.

More recent calculatioaa by

Oliphant and Wyczkowski(*) baw

is@rowd on the numerical codos for

Jtaodllng the transient problem, and

tlrst wall fluxes and the energy

spectrum of lncldent parctcles can
be calculated. These calculations

includo charg* exchange and lon:.za-
tlon by electrons ●nd protens on

both atoms ●od molecules. In ●ddi-
tlon the Franck-Condon process of
dissociation of ionized molecules
is included, ●nd second generation
(charge exchangad) neutrals ●re

followed. The plasma ●nd neutral
density and temperature protllws
●re evolved In the procens.

These codes are in the last

8tages of development and only ear-
ly results are available. The out-
put generated by these codes Is

used In a heat transfer calculation
of first wall energy deposltioa aad
temperature rise. These results
iudicate that the plasma edge tem-
peratures are substantially reduced

16 the early phases of the iater-
aetlons, llmltiag the charge-ex-
ahaaged neutral iasult to the wall.
Nonetheless, damage to the first
wall duriag thn setting-up proces-
ses is possible’ aad the operating

point chosen for the reactor must
avoid any such damage by judicious
choicek of the available parawm-
tern. While it appears now that

this caa be dose further work is in
progress aad a coatlnuing assess-
ment of the problom must be made.

. .
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** of th* mat ctitical ●rea8

Of de!tign iavolvss t&e iqtlosioa

eeatitls s~stsm for iqart$ag the

Saitial 1-2 It*t? t~srature te tbc

s18-. The old destco required m

electric ft8Xd oa the plasaa of

~ W/cm, or u back em? of 950 M*

●rouud the plassm circumgertmce.

?’bis implies very bi@ circuit vol-

tages ●nd rquir8s good dlolectric

strength of first wall lasulators

in tbc prsseace of degradation by

tbemal 8trcs8es or radiation.

TM aircuit voltag~ depwids on

the materials and geometry of the
partial turn (Marshal,?) coil(lO)

tased to goaerate the ●atMutbal
ftslds. In particular, tb~ dielec-

trla strength of ths cotl matmial

determines its Ihlcha-ss @ad thert-

for8 ite lnwrusl Mductmce. TM

lntornal :nduccance ●nd had-ia

imductancc det~rmine how much ●ddi-

ttooal circuit voltage must be ●up-
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pltsd to prowMs the 8*ceasary
p~o Volta**. Typically, half

tbs voltage 1s Aost ia tmteraal ●md

I@ad-i@ 18pedance, aad bait la ap.

p~iod to tbc stap-up tramfotmzr
@artial turn coil) to provide
plain voltago. Tb* 24 ioag ti-
ulo ussd to construce Rh* ~or* of
tbs toroMal reactor 1s sboua S0
?tg. 2, atd gives the rstatlwe lo-

csttoes”of the $larsbail coil, com-

pression coil, and blaaket.

At pre8*at# there 18 m com-

pleto, SC~f-CO~~SC##at 8$’sc06 de.

sign. Instead, atesmpts to reduce

the ovwall voltage levei by the

cboic? or oper8tl*g point have bewI

mado . Tb@ rscent design has
E ~ 0.7 kV/cm or 220 *V back ●f.

R? optima use of the partfal turn

CO1l this could load to clrcult

voltages bsbw 100 kV, and by bal.

atbGhg the system to ground this

may be split into 30 kV capacitor

wits. TMs ruduced field mrmgch

.. . . . . . .
~IWRx 2. One of tho two-rotor lone, linked
atodulcs UWXIto construct the torus.

&i@ tx?’-

.
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cause sore of tbs plasm energy is

sow provided by slow adiitbstlc C-

pres8Son, wblcb la turn is pt?rmlt-

ted stnce tbe highly cxmpressd
plasma is now feedback controlled.

CmtPffcsslcmSYSTM

TM RTP3trequires 63 GJ of ener-

gy delivered in 30 we to provide

the comprwssional magnetic fluid of

11 t. The supply muut bold the

field for 70 ma, and recover 952

of the ●nergy in .be 30 me return.

4 nested set of 3 ●upcrcoaducting
9t6wage coils was used in tbe old

deaiga, so ●rraaged that tbe two

eester quadrature coils could be

rotated, torque-free, to deliver

tbe ese?cy. While the schew ●as

aapable of 0S% efficiency, the

projected production Costs of

$-d $/J were high, Wtd the to!Mno-
10SY was unumual and required con-

siderable develop%%nt.
More recemtly, fast-discharging

bamepolar machiaes, ●cting as elec-
trodynamics capacitors, were pro-

posed.(”) These machines me more

..

. .

,.. . . .
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sim41ar la their a~chaologles to

●xisting rotating app6*atus. Fur-

ther, they appear capabhe of 83%

●tficiencies in tbo RTPIt cycle at a

wt 0.7 ?/J. A set of 30 of the

aacblaes, storing 1.3 W each hsve

bees proposed for the RTPR applfca-

tiolS,(12) aod an extensive e@#i-
se8ring design of tbe machine bas

(13) Fi~re 3 SbOWShem reported.

the 8 thin-drum rotors cono~cted in
series to provide 11 kV ●t 12.25 MA
la ●ach Ulast. Supereoaducting
Mb3Sn coils give ●n ●verage radial

f$eld of 2.2 T throush each rotor.

By spiaalng each drum ●t a periph-
eral speed of 277 m/s, each 8-pack
stores the 1.3 GJ.

la optimlziag the RTPR design

the compression field has been low-. .
●red to 7T, thereby reduclog tbe

eaergy storage by (7/11)2. The new

operating point therefore calls for

oaly 20 units, with an atteadeat
reduction of the number of high

power interrupting switches. Since

the switching problem is also quite
denwling, the new design will have

m
~or driving the RTPIIcompression CO1lS.
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‘ a higher reliability by this reduc-

tion. Also, the reactor Q i~ now

wch less sensitive to tbe homopo-

lar etficieacy, and a Q - 1 break-

●ven point occurs at 63% efficiency
as ceea in Fig. 4. Engineering

details on the new system have yet

to be given.

MATERIALS AMI RADIATION DA!!AGE

Perhaps the most critical design

problem Sn the theta pinch reactcr

involves the first wall materials.
me flrSt Wall 18 the inner surface

of a slotted, annular blanket in-
●lde the implosion and compression
Coilu ●s in Fig. 2. These radial

slots pass the axial flux, inducing
voltage across each slot and at the
t@ Where the S10t8 open into the

plasma chamber. Each wedge of the
blanket is therefore coated with
$nsulating material which must

maintain its adiabatic properties

(“

.
●

✎ Since present theta pinches admit
flux through only 1, 2, or sometimes
4 slots, the field strengths are an
order of maenitude higher in present
experiments than those anticipated
in a 100 slot reactor blanket.
Dielectric strength is consequently

easy to achieve, but the environment
in the reactor is much more severe
than in present machines. Perhaps

the most significant problems arise

from the thermal loading, which
results from temperature excursions
of 30CF’K above a base temperature
of 800°K in ttae old design.

Considerable progress has been

made both In reducing the thermal
excursions and in reducing the
stresses for a given temperature
rise. This is done by altering the

materials, wall thickness, config-

uration, or operating point. Using

the old operating point and associ-
for a reasonable blanket life. ated thermal wall load

T
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new schemes
(thinner walls,

bumper protected

walls, etc), and

were proposed

graded ceramics,
walls, all ceramic
an analysis to show

1-j
.

the reduced stresses was per-
fo~do(15) These new designs are
shown in Fig. 5. Such an analysis

will be done with the new operating

point, and significant improvements

can be expected.

In addition to the first-wall

problem there are questions involv-

ing blanket designs and material

choices. Considerable effort is

belag expended to improve the engi-
neering design of the blanket

structure, and a design which elim-

inates most of the welds required in

the old design has been

developed(16) and is shown in Fig.

6. Also, the materials used in the
design arc now being chosen so as to

.. . . . -.

.

.-

..

. . . . . . . ------ -

to eliminate the graphite moderator
by adding a thin Ss0 layer. The

entire blanket has also been

thinned, improving the reactor Q and

lowering the stored magnetic energy

even further.

SUMMARY

The major problems in the RTPR

design have been discussed, and

Improvements in these areas have

Eeen described. Plasma stabillty is

now ensured in the reactor by adding

a feedback contrt?l system of some

complexity, but the energy balance

$s not affecte’1. ‘Theneutral gas

cooling questions are now being

addressed with much Improved codes,

and preliminary results are

encouraging. Further effort is

required and is underway.
A new design point has been cho-

sen which substantially reduces the

wPlga#-

.

FIGURE 5, ?iewfirs”.. .. -wall deslons for RTPR.
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f% A!!%!? B, A new, minimum-weld RTPR blanket structure.

voltage levels in tha implosion
elrcultry, and also reduces the

electric field streogtbs on the
Siret wall insulator by a factor of

9. This operating point also re-

duces the stored compression energy

by a factor of 2.S, hence the capi-

ta3 cost of that. systeai by 2.S.

Tbe thermonuclear output is

unchanged.
Finally, new materials choices

ant? configurations have led to im-
provements in the blanket and first

wall designs, and the thermal in-
sult to the first wall has been

greatly reduced by the new design

point●

It is of paramount importance to

note that the major improvements in
the new RTPR come from a more n6ar-

lV optimized operating point than

was used in the old RTPR design.

This influence of the “plasma engi-

neering” aspects of the reactor

design is and will continue to be

one of the most important influen-

ces on reactor technology for some

time.
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